Animal data have suggested that the systolic pressure variation (SPV) noted during positive pressure ventilation may be a sensitive indicator of hypovolaemia. The aim of this study was to correlate the SPV with the pulmonary capillary wedge pressure (PCWP) in a heterogeneous group of [CU patients on volume-cycled ventilation.
Key Words: INTENSIVE CARE: systolic pressure variation, pulmonary capillary wedge pressure Assessing the intravascular volume status of ventilated patients in the intensive care unit is vitally important in management decisions. Yet this seemingly simple clinical evaluation may be exceedingly difficult. Physical examination and review of the chest radiograph are notoriously unreliable in estimating patients' intravascular volume status. 1, 2 Invasive haemodynamic monitoring is not without risk and clearly not appropriate for all patients. A simple non-invasive method of assessing the intravascular volume of ventilated patients would therefore be useful.
Positive pressure ventilation affects the arterial pressure waveform in a predictable manner. The blood pressure increases during early inspiration and decreases during late inspiration. It has been observed that hypovolaemia accentuates this biphasic respiratory fluctuation. Perel and co-workers have reported a good relationship between the systolic pressure variation (SPV) during positive pressure ventilation and the preload in ventilated animals. 3·5 The aim of this study was to assess the value of the SPY as an indicator of the pulmonary artery wedge pressure (PCWP) in a heterogeneous group of ICU patients.
MATERIALS AND METHODS
This study was conducted in the Intensive Care Unit of a teriary-care teaching hospital. The study protocol was approved by the hospital review board. Data were collected on patients who had a pulmonary artery and intra-arterial catheter in situ and were being ventilated using volume-cycled ventilation. The arterial catheters were sited in either the radial, femoral or dorsalis pedis arteries. Patients with severe left ventricular dysfunction (Cl < 1.8 IImin/m2), pericardial or mitral valve disease, and patients not in sinus rhythm or receiving more than 5cm H20 of PEEP, were excluded from the study. No more than two sets of readings at different filling pressures were obtained per patient.
Flow-directed thermodilution pulmonary artery catheters (American Edwards Laboratories, Santa Ana, CA) were used. Nihon-Kohden multi-channel digital monitors (BSM-8500K, Nihon-Kohden, Tokyo, Japan) and Viggo-Spectramed pressure transducers with a continuous flush system (5299702, Viggo-Spectramed, Bilthoven, Belgium) were used to transduce the pulmonary and systemic arterial pressure tracings. Patients were supine and the transducers were zeroed to atmospheric pressure before each set of measurements. The fourth intercostal space in the mid-axillary line was used as the zeroing surface reference. All recordings were read manually from the oscilloscope using the freeze and cursor function.
The systemic arterial Spy was calculated by subtracting the highest systolic pressure (beginning of mechanical breath) from the lowest systolic pressure (end of mechanical breath) during a single ventilator cycle. Measurements of the SPY were done compared with an apnoeic baseline. The percentage Spy was calculated by dividing the SPY by the peak systolic pressure. The average value over three cycles was recorded. The tidal volume of the ventilator was set at 10 mllkg during the pressure measurements.
The PCWP was measured at end-expiration and enddiastole. To ensure accuracy of the PCWP readings and placement of the pulmonary artery catheter in zone 3 of the lung the following conditions had to be met: 6, 7 a) the mean PCWP should be less than the mean pulmonary artery pressure; b) the PCWP tracing should be consistent with a triphasic atrial waveform; 5) the dynamic response assessed by increasing the pressure against the transducer to approximately 300 mmHg with a sudden release of pressure should produce oscillations of greater than 12.5 Hz; d) blood should be easily aspirated from the pulmonary artery port in both the wedged and pulmonary artery position. Technically inadequate and damped PCWP tracings were excluded.
Statistics
The data are presented as mean values ± one standard deviation. The first half of the data base was used to develop a linear regression equation which was then tested on the second half of the data base. In addition, the correlation between the Spy and PCWP for the entire data set was tested by linear regression.
RESULTS
Three hundred data sets were obtained from 226 patients. The patients were a heterogeneous group with the following primary diagnoses: 38% postoperative, 26070 respiratory, 21070 cardiac, 19070 poly trauma and 16070 miscellanous. The mean systolic pressure was 134.4 mmHg (±27.4), SPY 9.2 mmHg (±5.2), OJoSPV 6.9070 (±4.3) and PCWP 13.3 mmHg (±4.8).
The correlation coefficient between the SPY and PCWP for the first half of the data base was -0.84 (P < 0.001), while the correlation between the 070 SPY and PCWP was -0.80 (P<O.OOl). The linear regression equation for the PCWP based on the SPY for this data set was: PCWP=20-(SPV*0.7). Using this formula the predicted PCWP was then correlated with the measured PCWP using the second half of the data base. The correlation coefficient was 0.87 (P< 0.001). The correlation coefficient between the SPY and PCWP for the entire data base (300 observations) was -0.86 (P<O.OOl).
The scatter plots and regression lines of the measured PCWP and Spy for the entire data base, and of the predicted PCWP and measured PCWP for the second half of the data set, are shown in Figures 1 and 2 respectively. (Multiple points at the same value are shown as a single point.) On the standardised residual plot of PCWP and Spy there were 10 outliers (> ± 1.96 standardised residuals). The measured PCWP of all these outliers was ~ 22 mmHg. A SPY ::510 mmHg predicted a PCWP ~ 12 mmHg with a predictive value of 89070. Similarly, a Spy ~ 15 predicted a PCWP <10 mmHg with a predictive value of 95070. 
DISCUSSION
The arterial pressure waveform fluctuates predictably during positive pressure ventilation. 8 Following a single breath the arterial blood pressure increases and then decreases, corresponding to the respective increase and decrease in left ventricular stroke volume. The decrease in systolic pressure following a mechanical breath is largely due to the decrease in venous return as the intrathoracic pressure rises during inspiration. The transient increase in systolic pressure at the beginning of a mechanical breath is thought to be due to an increased preload as blood is squeezed out of the lungs. 3 • 8 The difference between the maximal and minimal values of the systolic blood pressure during one mechanical breath has been termed the "systolic pressure variation" (SPV) and has been divided into a .::lUp and a .::ldown component. 3 The SPY has been shown to be increased with hypovolaemia. Perel and colleagues have shown that in dogs undergoing graded haemorrhage there is a good correlation between the SPY, OJoSPV and .::ldown component with the degree of intravascular volume depletion. 3 -5 During hypervolaemia they noted that the SPY was significantly reduced, with almost complete disappearance of the .::ldown component. 4 These authors have made similar observations in patients undergoing hypotensive anaesthesia. 9 However, in these studies they did not directly correlate the Spy with the PCWP.
All the pressure measurements in this study were made at a tidal volume of 10 mllkg. Szold and colleagues have shown that the SPY during mechanical ventilation is dependent upon both the tidal volume and intravascular volume status. 4 Furthermore, patients requiring PEEP above 5 cm/H20 were excluded from this study. High intrathoracic pressure in patients with poorly compliant lungs could alter the relationship between SPY and PCWP. 10 In this study we have shown a good correlation between the Spy and the PCWP. Using the formula PCWP=20-(SPV*O.7), the PCWP can rapidly be estimated in most patients undergoing mechanical ventilation. The predicted PCWP is less accurate in patients with a high as compared to low PCWP. All of the outlying values were in patients with high left ventricular filling pressures. This method is useful, therefore, in predicting the PCWP in patients with a low PCWP, but is less reliable in predicting the PCWP in patients with an elevated left ventricular filling pressure.
In patients with cardiac disease the SPY may not reflect the PCWP. In patients with severe left ventricular dysfunction the systolic blood pressure may Anaesthesia and Intensive Care. VD!. 21. No_ 4, August, 1993 increase throughout inspiration due to a fall in afterload. 8.1113 Mathru and associates demonstrated that in patients with poor ventricular function and elevated left ventricular filling pressures (> 15 mmHg), increasing intrathoracic pressure increased stroke volume, whereas in patients with a low filling pressure ( < 15 mmHg) the stroke volume fell. 14 A limitation of this study is that the PCWP was used as an estimate of preload. The left ventricular end diastolic volume (preload) is determined by ventricular distensibility (compliance) and the transmural distending pressure. 6 Patients with cardiac dysfunction commonly have altered diastolic compliance. 15 In this instance the PCWP does not accurately reflect left ventricular end-diastolic volume. A number of authors have demonstrated a poor correlation between preload and PCWP in patients with cardiac disease. 16.17 This could explain the poor correlation between PCWP and Spy in this study in patients with a PCWP greater than 22 mmHg.
Vrillon and colleagues used transoesophageal echocardiography to measure left-ventricular end-diastolic volume in twenty postoperative patients. 18 These authors found the Spy to be a more sensitive indicator of preload than the PCWP. With all its limitations the pulmonary artery catheter is still the most widespread method used to estimate the intravascular volume status in the intensive care setting. For this reason the correlation between the SPY and the PCWP has clinical utility.
In conclusion, analysis of the arterial pressure waveform during mechanical ventilation is an effective adjunct to clinical examination and invasive haemodynamic monitoring in determining the PCWP and hence the effective intravascular volume status of critically ill patients. The Spy can be determined from a good quality display of the arterial waveform and the PCWP rapidly calculated.
